The authors deal with the operation of Automatic Identification System (AIS) used in the marine traffic monitoring to broadcast messages containing information about the vessel: id, payload, size, speed, destination etc., meant primarily for avoidance of ship collisions. To extend the radius of AIS operation, it is envisaged to dispose its receivers on satellites. However, in space, due to a large coverage area, interfering factors are especially pronounced − such as packet collision, Doppler's shift and noise impact on AIS message receiving, pre-processing and decoding. To assess the quality of an AIS receiver's operation, a test was carried out in which, varying automatically frequency, amplitude, noise, and other parameters, the data on the ability of the receiver's ability to decode AIS signals are collected. In the work, both hardware-and software-based AIS decoders were tested. As a result, quite satisfactory statistics has been gathered − both on the common and the differing features of such decoders when operating in space. To obtain reliable data on the software-defined radio AIS receivers, further research is envisaged.
INTRODUCTION
In the field of transport and logistics, cargo positioning and tracking plays an important role. A dedicated system called the Automatic Identification System (AIS) is used in the marine traffic monitoring to broadcast messages containing information about the vessel: identification, payload, size, speed, destination, etc., used primarily for avoidance of ship collisions [1] .
Each of the vessels broadcasts these messages with different frequency rate depending on its current speed of movement. In the areas with increased traffic density, packet collisions would appear. Such collisions are avoided using the SelfOrganized Time Division Multiple Access (SOTDMA) technology implemented into the AIS [2] . This principle ensures self-organization of broadcast messages in a local area, but when observed from a satellite, the collision of messages is inevitable. This problem calls for further investigation into the packet collisions, Doppler's shift and noise impact on AIS message receiving, pre-processing and decoding.
As the ground stations have a limited range and, therefore, not only are unable to gather information about ships far from the coast but also require a large number of such stations to cover the entire coastline, during the last decade there has been a push to implement space-based AIS receivers.
AIS messages are transmitted in two channels -161.975 MHz and 162.025 MHz, using 9.6 kbps GMSK modulation over 25 or 12.5 kHz channels. Before modulation, the data are non-return-to-zero inverted (NRZI) encoded. The SOTDMA scheme (employed for avoidance of collisions) uses the concept of one minute long time frames consisting of 2250 message slots. Each potential transmitter monitors the AIS channels for 1 min and chooses an available time slot as nominal. From now on, whenever a ship has to transmit its AIS information (the period depends on the ship's speed and whether it is changing course), it transmits in a random time slot near the nominal one [2] .
A satellite-based AIS receiver faces additional challenges when dealing not only with a reduced signal-to-noise ratio, Doppler's shift and environmental conditions, but also with the possibility of packet collisions. As the TDMA scheme of AIS signals works only on a local level while satellites have a large overlap area, there is the possibility of collision when two ships are not in a direct line of sight of each other and therefore transmit during the same time slot but both transmissions can be received by a satellite. Collisions could also be caused by different path lengths making the adjacent time slot messages overlap. Although such situations are rare in open seas, in the areas with heavier maritime traffic (which are of the greatest interest) the loss of data could be significant [3] .
Currently, most AIS receivers tested in space are either commercial terrestrial hardware-based decoders or custom-made FPGA-based SDR solutions [4] . Collision problems are either ignored altogether or hopefully avoided by using directional antennas with lower reception area, although the alternative for improving the signal processing algorithms to recover higher percentage of collided packets should be considered.
The goal of this study was to test how well AIS receivers decode signals that are as close as possible to those received in space, and to compare the viability of hardware-and software-based approaches.
The scope of this paper includes methods used in testing AIS receivers and analysis of gathered data, as well as simple statistical comparison of AIS receivers (analysis of different AIS receivers and methods for improvement of the decoding performance are not included)..
Ideally, the method for testing AIS decoders would be to use pre-recorded AIS signals received by satellites, and gather statistics on the number of messages successfully decoded; however, as such signals are not readily available, they could be simulated. The probability of decoding a simulated message is recorded along with the parameters of simulation and the data gathered for analysis.
EXPERIMENTAL
A block diagram of the experimental setup can be seen in Fig. 1 . A signal based on series of one hundred faked AIS messages is generated on USRP N210 SDR transceiver and through an attenuator sent to the testable AIS decoder. Decoded messages are transmitted to PC, and their count as well as signal generation parameters are logged. This process is repeated multiple times automatically for various combinations of signal parameters. Figure 2 shows a block diagram of AIS signal generation program. A hundred numbered messages are encoded and modulated according to the AIS standard. The carrier frequency is then shifted simulating Doppler's shift and clock error. The signal is attenuated and summed with a secondary AIS signal generated in the same way, which simulates a packet collision. Then the noise is added and the signal is transmitted at 162.025 Mhz. The generator was developed using GNU Radio (open source USRP-based SDR software development toolkit).
From this it follows that there are five basic parameters of simulation: frequency shift and attenuation of primary signal, frequency shift and attenuation of secondary signal, and amplitude of noise. All these parameters are automatically iterated through in a regular grid and combination tested. This is undoubtedly incomplete simulation of signal as seen in space, but it is adequate for our goal − the comparison of decoders. Additionally, due to USRP N210 (being designed for continuous transmissions as opposed to packet-based ones) the generated AIS messages are transmitted without any pause between them, which corresponds to the real world worst-case scenario.
The hardware-based AIS receivers under test were: DE70321 -a demonstration board of FPGA-based AIS baseband processor IC CMX7032 [5] , and Transas IPx7 − a commercial AIS class B transceiver.
For the software-based AIS decoder used for testing the USRP E100 was employed to digitalize AIS data, while for a simple software-based AIS decoder − the gr-ais (open source software released under the GPL licence, see N. Foster [6] ).
The USRP N210 using WBX transceiver has an output power of 20dBm [7] , which was attenuated by 69dB in the case of hardware-based AIS decoders, and by 39dB in the case of an USRP e100 based decoder to account for the lack of a narrow-band amplifier (to be added if it was to be dedicated to the AIS signal decoding).
RESULTS AND DISCUSSION
The testing of hardware-based AIS receivers is considered successful. A large body of data has been gathered, from which meaningful conclusions could be drawn. Fig. 3 . The averaged decoding probability as a function of primary signal frequency shift. Fig. 4 . The averaged decoding probability as function of primary and secondary signal frequency shifts.
As the amount of data gained by iterating over all combinations of five simulation parameters is huge, the impact of noise on the system (as of the time of writing this publication) has not yet been fully processed, while preliminary results show that it has a negligible qualitative impact on the overall relative performance of AIS decoders.
The data gathered show that the probability of decoding a message sharply drops when the secondary signal reaches 50% amplitude of the primary signal (see Fig. 3 ). Figure 4 shows the probability of receiving messages for any given pair of primary and secondary signal frequency shifts averaged over all the amplitude combinations.
The most interesting results seen in Fig. 4 are: first, there is a significant increase in the probability of decoding if the frequency shift of a secondary signal is 1 kHz. Our team has not been able to come to a conclusive answer as to the cause of such a feature; second, the message collisions have the largest negative effect on the probability of decoding the message if the primary and secondary AIS signal frequencies are offset by about 2 kHz. For the LEO satellite this corresponds to Doppler's shift caused by a 30 o angle or a 400 km ground distance between transmitters.
The testing of software-based AIS decoder has so far been unsuccessful. Although it adequately decoded real AIS signals, for generated signals this occurred only sporadically, and even in these cases the decoded message was corrupted by addition of several bytes. The causes of such behaviour are as of yet unknown but being investigated.
CONCLUSIONS
The hardware-based AIS receivers have been shown to perform adequately in a simulated space, although this highly depends on the AIS receiver itself. The DE70321 decoding quality noticeably decreases with frequency shift, while the Transas IPx7 is stable in this regard.
The testing of software-defined AIS receivers has as of yet been unsuccessful. Although they have many promising qualities that could in theory be better for space-based applications, in reality there are no readily available solutions for them; therefore, to make them viable, they need to be developed specifically for this kind of mission.
To analyze the data about the influence of noise in these systems as well as to improve the overall testing model an additional research work is required.
